INTRODUCTION
The transformation of normal plant tissue into tumor tissue occurs in three steps, which have been designated conditioning, induction, and promotion.' Conditioning is accomplished by substances present in the wound juice; induction by a tumorinducing principle (T-iP) produced by virulent Agrobacterium tumefaciens grown in unheated plant juice; and promotion, by indoleacetic acid or its physiological equivalent. For carrot, complete conditioning requires 16-20 hours at 25°C.; induction, an additional 60-70 hours; and promotion, another 28-30 hours-a total of 104-120 hours is necessary for optimal transformation. Incomplete conditioning, induction, or promotion results in weakly growing tumors. If resulting tumor growth is submaximal because of the inability of the tumor cell to synthesize sufficient amounts of a necessary factor, supplements of the factor should increase growth. Rapidly growing tumors, receiving optimal transformation, should not be simulated by any growth factors. The experimental evaluation of this hypothesis2 is reported in this paper.
MATERIALS AND METHODS
A carrot phloem disk bioassay3 was used throughout this study. Disks of phloem were inoculated with ca. 106 bacteria from an 18-24-hour broth culture. All disks were incubated at 250 C. in the dark, except during manipulation and for temperature studies. At the end of the transformation period, the disks were transferred from moistened filter paper to Petri dishes containing 20 ml. of 0.5 per cent agar plus the compounds to be tested. This concentration of agar did not alter the final fresh or dry weights of tumor tissues as compared to filter-paper controls. After 15 days from 0 time (10 days after the end of transformation), the tumor 24 hours at 40°60 C., which reduced subsequent tumor growth to about 50 per cent of that obtained at 250 C. Carrot disks which were incompletely conditioned but which subsequently received induction and promotion treatments adequate for maximum tumor development were placed on agar to which various supplements were added, for a 10-day period following transformation. A 100-fold concentration range of 1,3-diphenylurea, naphthaleneacetic acid (NAA), gibberellic acid, pyrimidine ribosides, mevalonic acid, and a mixture of B vitamins in the proportions found in yeast extract had no effect on the growth of these tumors. "Vitamin free," acid-hydrolyzed casein, yeast extract, adenosine, guanosine, kinetin, and coconut milk each caused significant increases in the growth of slow-growing tumors which resulted from incomplete conditioning accomplished by either of the two methods used. Fully conditioned SR disks were not stimulated by any of the supplements tested. Adenosine and guanosine were equally effective. The positive results obtained with kinetin were due to its purine riboside structure and not to any special properties of the kinetin molecule. The failure of "B" vitamins to augment tumorcell duplication suggests that yeast extract acted because of its amino acid content, a finding which may also apply to coconut milk. Casein hydrolyzate could be replaced by a mixture of nineteen amino acids.
If amino acids and purines were the only factors required for rapid multiplication of tumors which grow slowly because of incomplete conditioning, their simultaneous addition should have increased the growth of such tumors to that of fully conditioned SR tumors. Since this did not occur, the other systems may also be involved in the conditioning process.
2. Incomplete Induction.-Two techniques were used to obtain slow-growing tumors resulting from incomplete induction. The first was developed by Braun, 5 who found that the action of T-iP could be prevented by holding inoculated tissues for a portion of the induction phase at 320 C., a temperature at which T-iP either is inactivated or is not synthesized by virulent crown-gall bacteria. Inoculated disks of SR carrot phloem were held at 250 C. for 0, 24, or 48 hours (following a 24-hour period at 250 C. for full conditioning) and were then transferred to 330 C. for the balance of the induction phase. The other technique involved the use of strains of crown-gall bacteria which differ in virulence bedause of their genetic capacity to synthesize a quantitatively or qualitatively inadequate T-iP.6
Fully conditioned and fully promoted, but incompletely induced, disks were transferred to agar containing various supplements for 10 days following transformation. Casein hydrolyzate, purine or pyrimidine ribosides, yeast extract, 1,3-diphenylurea, and NAA were ineffective over a 100-fold range in concentration.
Kinetin, gibberellic acid, mevalonic acid (3,8-dihydroxy-f3-methyl valeric acid) and coconut milk stimulated slow-growing tumors which had received 24 or 48 hours of T-iP action but were without effect on fully induced tumors or on tumors receiving only minimal induction. The same compounds were effective supplements for slow-growing tumors formed following inoculation with moderately or weakly virulent strains of crown-gall bacteria (Fig. 1) ditioned and induced SR disks. The potential 2,4-dichloroanisol inhibition of promotion and, hence, of subsequent tumorous growth was almost completely prevented by simultaneously supplied auxin. When the antiauxin was used alone during promotion, the resulting slow-growing, incompletely promoted tumor cells were stimulated by auxin applied during the growth period. To date, nonauxinic supplements have not been tested, but the completeness of the auxin effect suggests that other substances may not be involved.
DISCUSSION
Since slow-growing plant tumors resulting from incomplete conditioning, induction, or promotion are stimulated by furnishing them suitable supplements, these tumors probably suffer from metabolic deficiencies which are supplied by the supplements furnished. The possibility that the slower growth is caused by inhibitors in the tissue which are antagonized by the supplements cannot be eliminated, but the assumption of deficiencies appears more likely.
Through incomplete conditioning, induction, or promotion, three biochemical types of slow-growing tumors were produced, each characterized by its own set of nutritional deficiencies. Tumors resulting from incomplete conditioning required amino acids and purines. Kinetin, gibberellic acid, mevalonic acid, and coconut milk stimulated incompletely induced tumors, and only auxin stimulated incompletely prompted tumors. The rapidly growing tumors which developed when the tissue was subjected to full treatment in all three steps did not respond by increased growth to any of the tested substances. We interpret this to mean that the metabolic systems deficient in the weak tumors are fully active in the strong tumors, an interpretation in harmony with data on the composition of tumors.
It appears probable that tumor-cell transformation, at least for carrot tissue, involves the permanent establishment of metabolic systems which do not exist, or exist in minimal effectiveness, in nontumorous cells or the unmasking or activation of existing systems which, for some reason, are ineffective in nontumorous cells. These facts suggest that the etiological agents functioning during the different steps in tumor-cell formation directly or indirectly activate one or more metabolic or enzyme systems whose products are necessary for maximal expression of the growth potential of tumor cells. In several steps the known etiological agent is chemically related to the required product of the activated metabolic system. Permanent activation may occur by a feedback mechanism, wherein the metabolic system, once in operation, forms or does not destroy the compounds necessary to keep it functioning.' This differs from experimental induction of -bacterial enzymes where the substrate induces the formation of an enzyme system destroying the substrate.
The effect of supplements in promoting the multiplication of tumor cells which are slow-growing because of incomplete transformation is temporary, not permanent. These substances supply a deficiency, but they do not induce the development in tumor cells of persistent metabolic systems which continue to supply the deficiency. They do not make weak tumors become permanently strong tumors. Braun8 has suggested that the activated metabolic systems are "fixed" by agents acting during subsequent steps. It is also possible that, once cells have been transformed into tumor cells, their metabolic systems are insusceptible to the action of the etiological agents.
It must be emphasized that the ability of tumor cells to synthesize growth factors is not the entire "cause" of crown gall. Morphogenic autonomy of tumor cells is found after transformation periods shorter than those required for full activation of all these metabolic systems, and there is no evidence that certain respiratory and energy-metabolism characteristics of tumors2 are related to the growth factors. Finally, the addition of the factors to unwounded carrot phloem tissues has not resulted in the appearance of neoplastic tissues. Braun8 has, however, obtained self-limited neoplasms grossly similar to tumors when the sensitive, totipotent cells of tobacco pith were supplied with several growth factors.
Details of these experiments will be published elsewhere. 3, 1957 Treatment with gibberellin induces bolting (stem elongation) and flower formation in many biennial and long-day rosette plants grown on a non-inductive temperature or photoperiod regime.' The gibberellins are products of certain strains of the fungus Fusarium moniliforme (sexual stage, Gibberella fujikuroi) and are not known to occur in any other plant. The physiological significance of their effect on bolting and flower formation may therefore be subject to some question. How 
